By means of the micrurgical technique (1) combinations of salts in mutually antagonistic concentrations can be injected directly into a cell. This procedure, together with the immersion of cells in mixtures of the salts, permits the determination of the antagonistic action of such substances in their effect on the internal protoplasm and on the plasma membrane.
(Accepted for publication, September 8, 1927.) By means of the micrurgical technique (1) combinations of salts in mutually antagonistic concentrations can be injected directly into a cell. This procedure, together with the immersion of cells in mixtures of the salts, permits the determination of the antagonistic action of such substances in their effect on the internal protoplasm and on the plasma membrane.
In the first paper (2) of this series it was demonstrated that NaC1 and, to a less extent, KC1, tend to disperse the plasmalemma. MgC12 and CaCI~, on the other hand, have no such disruptive action. It was also shown that NaC1 and KC1 increase the fluidity of the internal protoplasm but that MgC12 and CaCI~ tend to solidify the internal protoplasm. Because of the variation in the degree of the effect of NaC1 and of KC1 it was considered of interest to study the action of a third salt with a monovalent cation, viz. LiC1. LiC1 was found to have a much greater dispersing effect on the plasmalemma and to fluidify the internal protoplasm even more markedly than NaC1. So intense is this action that when LiC1 is injected into the ameba it diffuses rapidly through the protoplasm and, in strong concentrations, disperses the plasmalemma much more readily than does NaC1. The opposite effects of the salts of mono-and of bivalent cations were used in the experiments to be described as criteria for a study of antagonism between the chlorides of Li, Na, and K and those of Ca and Mg.
In each case the mixtures used were made by combining equal volumes of the solutions of each salt in twice the concentration of 221
The Journal of General Physiology the desired strength, so that the final mixture represented the actual concentration to be tested. For each salt a graded series of solutions was prepared varying in strength from an immediately lethal concentration to one which was non-toxic, and each of the series was in turn mixed with concentrations of the antagonizing salt which varied from
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Fxo. 1. Antagonism of CaCh to toxic concentrations of LiCI, NaC1, and KCI in their action on the plasmalemma (immersion experiment). Abscissae represent decreasing concentrations of antagonizing salt (CaCI2). Each curve represents a toxic concentration of LiCI, NaCI, or KC1.
one exhibiting no antagonism to one in which the antagonizing salt itself was toxic.
Immersion Experiments.
Ameb~e were immersed in varying concentrations of the binary mixtures of LiC1, NaC1, or KC1 with MgCI~ or CaCl~. In these experi-merits the antagonizing action of the salts of the bivalent ions upon the toxic effect of the salts of the monovalent ions was studied. The marked toxicity of LiC1, NaC1, and KC1 upon immersed amebw. makes it impossible to study their antagonizing action on the toxic effect of CaCh and of MgCI~ in immersion experiments.
Antagonism of MgCh to toxic concentrations of LiC1, NaC1, and KCI in their action on the plasmalemma (immersion experiment). Absciss~ represent decreasing concentrations of antagonizing salt (MgCb.). Each curve represents a toxic concentration of LiCI, NaC1, or KC1. Fig. 1 shows the results obtained when amebic are immersed in mixtures of toxic concentrations of LiC1, NaCI, or of KC1 with an antagonizing concentration of CaCI~. Because of the nature of the experiment th/s effect is exerted primarily on the plasmalemma. By comparing equivalent concentrations of the toxic salts it can be seen that CaC12 antagonized LiC1 sixteen times and NaC1 four times as effectively as it did KC1 (Fig. 3 ). MgC12 antagonizes LiC1 (Fig. 3 ) three times and NaC1 3000 times as effectively as it does KC1 (Fig. 3) .
A comparison of the relative antagonizing power of CaCh and of MgCh shows that CaCh antagonizes LiC1 thirty-two times and KC1 The outstanding feature of these immersion experiments is the marked antagonism of MgCh to the toxic action of NaC1 on the plasmalemma. Figs. 1 and 2 indicate that the upper limit of antagonism is the toxic concentration of the antagonizing salt itself. However, with the higher concentrations of the salts the combined concentrated solutions of the two salts are more rapidly toxic than either one alone. Fio. 4. Antagonism of LiCI, NaC1, and KCL to toxic concentrations of MgCh in its action on the internal protoplasm (injection experiment). Abscissm represent decreasing concentrations of antagonizing salts (LiC1, NaCI, and KCI). Each curve represents a toxic concentration of MgCh.
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Injection Experiments.
In the injection experiments the salts of both the monovalent and bivalent cations can be used either as toxic agents or as antagonists. The antagonizing action of NaC1 and KC1 against the solidifying and pinching off effect obtained when CaCI~ is injected into the ameba has been considered previously (2) . LiC1 has a similar antagonizing action. LiC1, NaC1, and KC1 have the same power of antagonizing the solidifying action of CaC12 in all concentrations used in these experiments, except in that of ~/1. In this concentration, LiC1 and KC1 have twice the antagonizing power of NaC1.
The antagonizing power of LiC1, NaC1, and KC1 against toxic concentrations of MgC12 when mixtures of the salts are injected is shown in Fig. 4 . LiC1 is thirty-two times as effective an antagonizer as Na or KC1 (Fig. 5) . 
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Fro. 5. Summary table of antagonism of LiC1, NaC1, and KCI to toxic concentrations of MgC12 in its action on the internal protoplasm (injection experiment). Fig. 6 shows the action of CaC12 in antagonizing toxic concentrations of LiC1, NaC1, and KC1 when mixtures are injected. KC1 can be antagonized by CaC12 64 times and NaC1 16 times as effectively as can LiC1 (Fig. 8) . A study of the antagonism by MgC1, of the action of LiC1, NaC1, and KC1 on the internal protoplasm (Fig. 7) demonstrates that KC1 can be antagonized by MgCI~ 16,000 times and NaC1 4000 times as easily as can LiC1 (Fig. 8) .
A comparison of the antagonizing power of CaC12 and IVigCl~ shows that CaC12 antagonizes LiC1 twice as effectively as does MgC1,; MgC1, is about 126 times more effective than CaCI~ in antagonizing NaC1 and about 113 times i'n antagonizing KC1 (Fig. 8) .
Combined Immersion and Injecgon Experimenls.
To determine whether the toxic effect of injected LiC1 or NaC1 could be antagonized if, at the same time, the "ameb~e were immersed in CaC12 and in mixtures of CaCI~ with LiC1 or NaC1, the following LiC1, depending upon which of these two salts was in the environing medium. In no case was there any indication that CaCI~ (cf. Fig. 6) penetrated the cell from the immersing fluid in sufficient quantity to antagonize the toxic action of the injected LiC1 or NaC1.
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Recov~rq from FIc. 7. Antagonism of MgCI~ to toxic concentrations of LiCI, NaC1, and KC1 in their action on the internal protoplasm (injection experiment). Abscissa~ represent decreasing concentrations of antagonizing salt (MgC12). Each curve represents a toxic concentration of LiC1, NaC1, or KCI.
One further point merits mention. Although external CaCI~ was unable to prevent the ultimate toxic action of the injected salts, the dispersive effect of these salts on the plasmalemma from the inside tended to be antagonized by the CaC1, in the medium. This could be seen from the repeated attempts of the disrupted plasmalemma to reform. The differences in concentration of Na, K, Ca, and Mg in the cell and in the environment (3), reported by many investigators, is significant in a consideration of the antagonistic action of the salts on protoplasm. Thus in the experiments described in this paper it is to be noted that both CaC12 and MgC12 antagonize NaC1 in its action on the plasmalemma much better than they do KC1, and that they antagonize KC1 in its effect on the internal protoplasm much better than they do NaC1. Incidentally, MgC12 rather than CaC12 seems to act as the effective antagonist of Na in the immersion experiments and of K in the injection experiments.
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A second interesting feature of these experiments is the apparent lack of relationship between the degree of antagonizing power and the solidifying or dispersing effect of each salt individually on protoplasm. Thus, although CaCh is a better solidifier of the protoplasm than MgCh, and LiC1 has more dispersive effect than NaC1, which, in turn, is more dispersive than KC1, the quantitative measure of antagonizing power of these salts is not directly dependent on these properties alone.
Most of the work reported previously has dealt with the relation of antagonistic salts to changes in permeability or to the maintenance of the normal physical state of protoplasm. Loeb (4) (5) (6) (7) (8) (9) demonstrated that the permeability of the membrane of the Fundulus egg is involved primarily in antagonistic salt action. Others (10) (11) (12) have added evidence regarding the importance of normal permeability as an essential condition brought about by optimum salt relationship. Hansteen-Cranner (13) studied the question of antagonism on plant cells and contributed information on the action of antagonistic salts in maintaining the normal physical state of protoplasm. Lillie (14) studied this question with the jelly of marine eggs, and Spaeth (15) and Clowes (16) discussed the problem from the standpoint of the reversal of phases in colloidal systems. Recently Hirschfelder and Series (17) considered the action of Mg and Ca on the effect of analgesic drugs in a similar manner. Osterhout (18, 19) believes that antagonism depends upon a shift in chemical equilibrium with resulting changes in physical state and permeability. Van Oijen (20) states that variations in three factors explain antagonism: (a) adsorption, (b) rate of diffusion into a cell, (c) effect on interior of cell. The present study shows directly that to understand the antagonistic relationships of salts it is necessary to consider the particular part of the cell involved and the specific salts used.
CONCL~'SIONS.
I. The Plasmalemma.
1. On the plasmalemma of ameba~ CaCh antagonizes the toxic action of LiC1 better than it does NaC1, and still better than it does KC1.
MgCh antagonizes the toxic action of NaCI better than it does LiCI and still better than it does KCI.
2. CaCI2 antagonizes the toxic action of LiCl and of KCI better than does MgCI2:MgCI2 antagonizes NaCI better than does CaCI~.
II. The Internal Protoplasm.
3. The antagonizl"ng efficiency of CaCI~ and of MgCI~ are highest against the toxic action of KCI on the internal protoplasm, less against that of NaC1, and least against that of LiC1.
4. CaCI~ antagonizes the toxic action of LiC1 better than does MgCI~: MgCI~ antagonizes the toxic action of NaC1 and of KC1 better than does CaCI2.
5. LiCI antagonizes the toxic action of MgCI~ on the internal protoplasm more effectively than do NaC1 or KC1, which have an equal antagonizing effect on the iMgC12 action.
III. The Nature of Antagonism.
6. When the concentration of an antagonizing salt is increased to a toxic value, it acts synergistically with a toxic salt.
7. No case was found in which a potentially antagonistic salt abolishes the toxic action of a salt unless it is present at the site (surface or interior) of toxic action.
8. Antagonistic actions of the salts used in these experiments are of differing effectiveness on the internal protoplasm and on the surface membrane.
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